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INTRODUCTION
The genus Sporichthya, first reported by Lechevalier et al. [1] , is the only member in the family of Sporichthyaceae and now includes two species, Sporichthya polymorpha [1] [2] [3] and Sporichthya brevicatena [4] . The family Sporichthyaceae belongs to the order Frankales [5] , which contains the genera Cryptosporangium, Fodinicola, Frankia, Jatrophihabitans and Sporichthya. In the present study, a strain designated X5 T was isolated and described to represent a novel genus and species related to the genus Sporichthya in the family Sporichthyaceae.
For bacterial isolation, a sediment sample was initially collected from Taihu Lake in Jiangsu Province, China, in April 2015. Using the standard dilution plating method, strain X5
T was isolated on modified R2A medium prepared as follows: 300 g soil was added to 1 l water, boiled for 10 min and centrifuged at 1500 g for 5 min; to 1 l supernatant liquid, 0.5 g yeast extract, 0.5 g tryptone, 0.5 g casein hydrolysate, 0.5 g glucose, 0.5 g soluble starch, 0.3 g K 2 HPO 4 . 3H 2 O, 0.05 g MgSO 4 . 7H 2 O and 15 g agar were added; the pH was adjusted to 7.2 by using solid K 2 HPO 4 or KH 2 PO 4 . The isolate was cultured routinely at 28 C on modified R2A medium but when cultured in liquid, normal R2A medium based on water not soil supernatant liquid was used. The strain was maintained on modified R2A agar at 4 C and in normal R2A liquid as 20 % (w/v) glycerol suspensions at À80 C. Strains Sporichthya polymorpha NBRC 12702 T and Sporichthya brevicatena NBRC 16195
T were used as references in this study and obtained from the Biological Resource Centre, NITE (NBRC, Japan).
The Gram reaction was performed using the KOH test as described by Gregersen [6] and the Gram-staining method. The morphological properties were observed by scanning light microscopy (Nikon; Eclipse E200) and electron microscopy (FEI; Quanta 250 FEG) using cultures grown at 37 C on the modified R2A agar (for 7 days) and in liquid medium (for 5 days). Motility was determined by subculture in semi-solid modified R2A agar (0.6 %, w/v) in deep tubes. Flexirubin-type pigments were detected by flooding a small mass of cells with 20 % KOH according the standards described by Bernardet et al. [7] . Oxidase and catalase activities were determined by using 1 % tetramethyl-p-phenylenediamine and 3 % H 2 O 2 , respectively. Growth was investigated in normal R2A liquid medium after 7 days of incubation at different temperatures (4, 20, 28, 37 , 42 and 50 C), with different NaCl concentrations (0, 0.5, 1, 1.5, 2, 2.5 and 3 %) and at pH 6-9 at intervals of 0.5 pH unit (adjusted with 1 mol l À1 NaOH or 1 mol l À1 HCl). Utilization of carbon and energy sources was investigated in normal R2A liquid medium without soluble starch or glucose. Carbon substrates were added at a concentration of 0.5 % (w/v). Hydrolysis of starch (1 %, w/v), casein (1 %, w/v), Tween 80 (1 %, v/v), carboxymethyl cellulose (1 %, w/v) and egg-yolk (3 %, v/v) was tested using R2A as the basal medium after 7 days of incubation. To investigate other physiological and biochemical properties, we used the methods described by Dong and Cai [8] for the following tests: glucose oxidization/fermentation, methyl-red test, VogesProskauer reaction, indole production, urease activity, nitrate reduction, denitrification, production of H 2 S and gelatin liquefaction.
Orange-red colonies of strain X5
T of about 1 mm diameter were formed on the modified R2A agar after incubation at 28 C for 3 days. Cells of the isolate were Gram-reactionnegative, aerobic and non-motile. Rod-shaped cells were about 0.3Â1-2 µm on solid medium without aerial hyphae, and about 0.2Â2-5 µm in liquid medium (see Fig. S1 , available in the online version of this article). Detailed physiological and biochemical characteristics of the strain are given in Table 1 and in the species description.
Genomic DNA for PCR amplification was prepared from cells lysed by a rapid alkaline extraction procedure [9] . The 16S rRNA gene was amplified by PCR using the bacterial universal primers 27F (5¢-GAGAGTTTGATCCTGGCTCAG-3¢, Escherichia coli position 27-46) and 1495R (5¢-CTACGGC-TACCTTGTTACGA-3¢, E. coli position 1476-1495) and sequenced [10] . The identification of phylogenetic neighbours was initially carried out by the BLASTN [11] program against the database containing type strains with validly published prokaryotic names [12] . The calculation of pairwise 16S rRNA gene sequence similarity was achieved by using a global alignment algorithm [13] , which was implemented at the EzTaxon server (https://www.ezbiocloud.net/). Phylogenetic analyses were performed using three treeing algorithms, namely the neighbour-joining [14] , minimum-evolution [15] and maximum-parsimony algorithms available in MEGA version 7 [16] after multiple alignment of data by CLUSTAL W [17] . The evolutionary distances for the neighbour-joining analysis were computed using the Kimura 2-parameter method [18] and were in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated. The topology of the phylogenetic tree was evaluated by the bootstrap resampling methods of Felsenstein [19] with 1000 replicates.
An almost-complete 16S rRNA gene sequence (1428 bp) for strain X5
T was determined in this study and compared with those of related taxa. The strain shared a 16S rRNA gene sequence similarity value of 93.7 % with Sporichthya polymorpha NBRC 12702 T [1, 2] , 92.9 % with Blastococcus jejuensis KST3-10 T [20] , 92.6 % with Sporichthya brevicatena NBRC 16195
T [4] and lower level of sequence similarity with the other related type strains. A neighbour-joining tree ( Fig. 1) showed that strain X5
T occupied a unique position within the genus Sporichthya cluster. The minimumevolution and maximum-parsimony trees showed the same topology (see Fig. S2 ).
Genomic DNA was extracted according to the method of Marmur [21] , and the G+C content of the DNA was determined by HPLC of deoxyribonucleosides [22] . The genomic DNA G+C content of isolate X5
T was 74.4 mol%, which is similar to but different from those of Sporichthya polymorpha NBRC 12702
T and Sporichthya brevicatena NBRC 16195 T .
Polar lipids were extracted and identified by two-dimensional TLC (silica gel 60, 10Â10 cm) as described by Komagata and Suzuki [23] . Chromatograms were developed in the first dimension with a mixture of chloroform/methanol/water (65 : 15 : 4, by vol.) and in the second dimension with chloroform/acetic acid/methanol/water (80 : 15 : 15 : 4, by vol.). Menaquinones were isolated and determined according to the methods of Collins [24] . The cell sugars of the isolate were isolated and analysed by TLC as described by Lechevalier and Lechevalier [25] . The polar lipid profile of strain X5 T contained phosphatidylglycerol, an unidentified lipid, two unidentified phospholipids and two unidentified aminolipids (see Fig. S3 ). The menaquinones were Amino acids in cell-wall peptidoglycan were identified using TLC as described by Hasegawa et al. [26] . The cell-wall peptidoglycan of strain X5 T contained LL-diaminopimelic acid, alanine, glycine, aspartic acid and glutamic acid, which were the same as those of Sporichthya polymorpha NBRC 12702 T and Sporichthya brevicatena NBRC 16195
T (see Fig. S4 ).
Cellular fatty acids were prepared and analysed according to the instructions of the Microbial Identification System (MIDI) version 6.1, using cells grown in R2A broth for 2 days at 28 C. The major cellular fatty acids (>10 %) of strain X5
T were iso-C 16 : 0 (18.7 %), C 18 : 1 !9c (18.6 %) and C 17 : 1 !8c (14.0 %), distinguishing it from the related Sporichthya polymorpha NBRC 12702
T and Sporichthya brevicatena NBRC 16195 T ( Table 2) .
From the phylogenetic analysis, the closest relatives of strain X5 T were Sporichthya polymorpha NBRC 12702 T and Sporichthya brevicatena NBRC 16195 T and they formed a cluster; however, the novel isolate occupied an obviously distinct branch. The phenotypic and chemotaxonomic characteristics indicated that strain X5
T could be considered as a representative of a novel genus different from the genus Sporichthya. It was found that strain X5
T could be differentiated from the other species, Sporichthya polymorpha and Sporichthya brevicatena, by characteristics including nitrate reduction, optimum temperature for growth, higher DNA G+C content (as shown in Table 1 ), differences in cellular fatty acid composition ( Table 2 ) and absence of aerial hyphae. Based on the phenotypic and genotypic characteristics, we propose that strain X5
T represents a novel genus and species, for which the name Longivirga aurantiaca gen. nov., sp. nov. is proposed.
Actinotalea fermentans DSM 3133 T (AXCX01000029)
Actinotalea ferrariae CF5-4 T (HQ730135)
Actinotalea caeni EBR-4-2 T (KF056990)
Pseudactinotalea terrae 5GHs33-3 T (KR869780)
Cellulomonas denverensis W6929 T (AY501362

Ornithinicoccus halotolerans Egl 80423 T (KT734857
Ornithinicoccus hortensis HKI0125 T (Y17869)
Tetrasphaera remsis ATCCBAA-1496 T (DQ447774)
Tetrasphaera duodecadis ATCC 13347 T (AB072496)
Lapillicoccus jejuensis R-Ac013 T (AM398397)
Longivirga aurantiaca X5 T (KU055631)
Sporichthya polymorpha DSM 43042 T (KB913029)
Sporichthya brevicatena IFO 16195 T (AB006164)
Modestobacter caceresii 45-2b T (LN898173)
Blastococcus jejuensis KST3-10 T (DQ200983)
Blastococcus aggregatus ATCC 25902 T (L40614)
Blastococcus endophyticus YIM 68236 T (GQ494034)
Geodermatophilus terrae PB261 T (JN033773)
Geodermatophilus brasiliensis Tü 6233 T (DQ029102)
Geodermatophilus soli PB34 T (JN033772)
Geodermatophilus sabuli BMG8133 T (LN626269)
Geodermatophilus pulveris BMG 825 T (LN626270)
Geodermatophilus siccatus CF6/1 T (HE654548)
Geodermatophilus obscurus DSM 43160 T (CP001867)
Frankia elaeagni BMG5. Cells are aerobic, Gram-stain-negative, non-motile and rodshaped with no aerial hyphae. Catalase-positive, but oxidase-negative. LL-Diaminopimelic acid is contained in the cell-wall peptidoglycan. The type species is Longivirga aurantiaca. Phylogenetically related to the genus Sporichthya in the family Sporichthyaceae.
DESCRIPTION OF LONGIVIRGA AURANTIACA SP. NOV.
Longivirga aurantiaca (au.ran.ti¢a.ca. N.L. fem. adj. aurantiaca orange-coloured, referring to the orange colour of the colonies).
The characteristics are the same as those given in the genus description. Cells are rods of about 0.3Â1-2 µm on solid medium and about 0.2Â2-5 µm in liquid medium. Colonies are orange-red, circular, convex and non-transparent, and about 1.0 mm in diameter after incubation at 28 C on modified R2A agar for 3 days. Growth occurs at 4-42 C (optimum, 28-37 C), at pH 6-8.5 (optimum, pH 6.5-7.5) and with 0-0.5 % NaCl (optimum, 0 %). Catalase-positive, but oxidase-negative. Cannot grow on NA media or LB agar. Negative for nitrate reduction, denitrifying reaction, methyl-red test, Voges-Proskauer reaction and indole production. Positive for urease activity. Weakly positive for H 2 
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